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Energy Demand Trend and Outlook in Asia
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(Note) East Asia: ASEAN, Korea, Taiwan…etc
South Asia: Pakistan, Bangladesh…etc (Source) IEA / World Energy Outlook 2000



Energy Demand and Outlook by      
Energy Sources in Asia
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(Note) Asia: China, Korea, ASEAN, India, Taiwan, Pakistan…etc (Source) IEA / World Energy Outlook 2000



World Crude Oil Surplus Production Capacity

Past results

• Increasing trend of the Asian dependence on the Middle East
– The world crude oil production capacity has been in the 

declining trend since 1990
– The surplus production capacity is expected to be concentrated 

to the OPEC Middle East oil-producing countries

Outlook

Non-OPEC

Other OPEC

Coastal OPEC

Surplus rate

Million B/D

(Source) IEA / World Energy Outlook 2000



Regional Oil Import Dependencies



• The application for the licensing review of Tsuruga unit 
3 and 4 (APWR, 1538MWe each) was made on 30th

March 2004
• Construction scheduled from 2007

JAPC Tsuruga Unit 3 and 4 (APWR)

Tsuruga, Fukui



JAPC Tokai Unit 1(GCR) Dismantlement 

Stage2 prior 
dismantlement 

2)

FY2011-
2017

Stage3
(Dismantlement

)

Stage1 prior 
dismantlement 

1)

Main process

FY2006-
2010

FY2001-
2005

Safe storage Dismantlement
Fuel takeout complete

Preparations, turbines 
and other peripheral 
facilities removed

SG removed

Main reactor dismantlement
RB 

dismantle

• The first commercial nuclear power 
plant in Japan (1966-1998)

• Thermal /electric output: 585 / 166 MW
• Coolant / moderator: CO2 / graphite Tokai, Ibaraki



JNFL Rokkasho Reprocessing Plant

• Testing since Nov. 1999
• Site area 3,800,000m2

• Max. reprocessing capability 800tU/yr
• Max. storage capacity 3,000tU

Rokkasho, Aomori



JNFL Rokkasho LLW Repository
• Site area 3,600,000m2

• In service:(Unit1, 40,000m3)1992-, 
(Unit2, 40,000m3)1999-

• Max. future repository capacity 600,000m3
Rokkasho, Aomori



JNC LMFBR “Monju” (Prototype Reactor)
• Coolant: Liquid Na
• Thermal / electric output: 714MW / 28MW
• First criticality: April, 1994
• Stopped since 8th Dec. 1995 (Na leakage from the 

secondary loop)

Tsuruga, Fukui



JNC LMFBR “Joyo” (Experimental Reactor)
•MK-I: “The Fast Breeder Reactor”, 75MWt (1977-1981)
•MK-II: “Irradiation Reactor”, 100MWt (1982-2003)
•MK-III: “Upgraded Irradiation Reactor”, 140MWt (2003-
)

Oharai, Ibaraki



JAERI High Temperature Engineering Test Reactor (HTTR)

Oharai, Ibaraki

• Thermal output: 30MW
• Coolant: He gas (4MPa, 395/850-
950 )
• 21st August 2003: Succeeded 
hydrogen production from water 
with thermo-chemical I-S process.
•19th April 2004: achieved 950
operation



Innovation Dynamics; 

Lessons from History of Innovations

1.  Typewriters

2.  Lighting

3.  Plate glassmaking







History of typewriter (machine writing)

• Manual : Remington type1 (1874), initial design

Underwood type5 (1899), dominant design

• Powered : IBM electric typewriter

• Single purpose word processor : not successful

• Personal computer : IBM-PC  



Dominant design

• The design holding largest market share

• Typewriter : arm with letters, paper role, ink ribbon, key board 

(QWERTY)

• Personal computer : CRT monitor, keyboard, OS, CPU, disk-drive

• Design characteristics converge to dominant design 

Simplicity and technical refinement are common in dominant designs 



Innovation arises from combination of existing 
technologies

• Manual typewriter : combination mechanical devices

• Electric typewriter : combination of manual typewriter 

and electric motor

• Personal computer : combination of keyboard, typing skills

and electronics (CRT monitor, print board,   

memory chips) 



Competition among companies

1. Market trial with small number of companies

2. Many company involvement with various designs

3. Survival of few companies after dominant design established

Wave of innovation in  writing 

hand, manual-machine, electric machine,digital technology



Changes in leadership:

Monopoly of Remington

Winning of Underwood

Electric typewriter and PC of IBM

From hardware to software(MICROSOFT)

Outsider takes leadership of innovation 

Dominant company in the market tends to fail to introduce innovation  

because of   strategic and psychological conservatism        



Innovation of lighting

Gas lights

Electric light bulbs (Edison)

GE and WH hold the share

first applied to lighting ship cabins

Illuminating tubes

SILVANIA holds the largest share. GE and WH developed 

illuminating tube, but not commercialized it first.

Lighting diode    



Production process innovation of 
light bulb

• Sprengel mercury pump shortened vacuum 
period

• Semi-automatic bulb fabrication with glass 
mould

• Sealing device of filament socket to bulb
• High vacuum by oxygen getter (phosphor)
• Assembling machine of glass stem and 

filament socket



Process innovation of plate glass making;

Innovation of material industry
1. Separate processes of mixing, melting, molding, cooling, cutting, 

polishing

2. Continuous process of mixing and melting

3. Continuous cooling (tunnel type cooler)   

4. Continuous molding (roller molding)

5. Float process (melted glass on melted Tin)

Shortening/simplifying production processes is the innovation of 
material industries



Innovation dynamics
J.M.Utterback (Havard Business Shool)

Product design innovation dominates at first

Production process innovation becomes popular after dominant  
(product) design established

Production process innovation dominates in material industry from    
the beginning

Companies holding large market share tend to fail to introduce 
second product design innovation from psychological and strategic 
conservatism, ex. typewriters, lighting, computers 



Lessons from Innovation.

Various designs are introduced to market.
Dominant design holds the largest share.
Production process innovation follows.

LWR is in the era of production process 
innovation, ex. TEPCO’s Kashiwazaki

Kariwa #6,7 ABWR construction





Modular construction of ABWR







Competition among thermal engines

Present
steam power: large central power station 

internal combustion engine : automobile, ship etc.

jet engine: aircraft

rocket engine: rocket

past steam power applications
19th century: automobile

before 1960: ships

before 1970: locomotive

Jet engine invading central power as ACC, advanced (gas turbine and 
steam turbine) combined cycle plants  



Advances of fossil-fired power technologies

• Advances in CCGT (combined cycle gas turbine)

high thermal efficiency ( 60% LHV),

high power output (480MWe)

small capital investment, modular capacity addition,

low O&M cost, short construction period

• Abundant fossil-fuel resources

natural gas, 84y (deep sea well drilling technology)

• Prices harved by competition of vendors in a few years

• Distributed generation ; micro turbines, diesels, fuel cells?



Nuclear energy applications

• Power generation
• Hydrogen production
• Fuel cycle



•

•

•

•
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Net Present Value ( NPV) and Internal Rate of Return (IRR) 
of Nuclear Power Plants (Japanese case) 

Source: T.Itoh, Energy Review, Sep 2003  pp.6-10 (in Japanese)



Challenge of nuclear energy in de-regulation
• New construction of present product:challenge of utilities and investors 

earnings dilution

investment risk, stock price decrease

• Innovative reactor R&D and deployment ; challenge of vendors

Vendors cannot invest long-term R&D by themselves.

R&D support with government

prototype demonstration by national labs.

need a good business model including R&D for commercialization            
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SCWR, Supercritical-pressure Light 
Water Cooled Reactor 







FPP SCR

BWR PWR

dryerseparator

boiler

recirculation 
SG

core

corecore



FA and coolant flow scheme

• Uniform sub-channel 
flow and neutron 
moderation

• RPV is cooled by inlet 
coolant (280 )

• Avoid thermal fatigue 
of CR guide tube

• High average outlet 
temperature (500 )

• Reduce axial change 
in average densityUO2 fuel rod 276

UO2 Gd2O3 fuel rod 24

29.22 cm
1.0mm

Down comer

CR guide tube
Upper dome

Bottom dome

Heated 
core

���

���

Water rod

6/



Core design 
(equilibrium core fuel replacement)

• 120 FAs (1st to 3rd cycle) 1FA(4 th cycle)
• Similar to the fuel load pattern of PWR
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Comparison of plant characteristics 

*The power rating depends on market. 1700, 1000, 700MWe plants are under study.



RPV

CR
CV

SRV/ADS

Condensate water 
storage tank

LPCI LPCI

A
FSSuppression 

chamber

High pressure 
feedwater 
heaters Low pressure 

feedwater heaters

Main feedwater 
pumps

Turbine bypass valve
Turbine control valve

Turbine
Condenser



Capacity and configuration of safety 
system

Capacity:
AFS TD 3 units: 50kg/s/unit (4%) at 25MPa
LPCI/RHR MD 3 units: 300kg/s/unit (25%) at 1MPa
ADS/SRV 8 units: 240kg/s/unit (20%) at 25MPa

Configuration:                 TD- RCIC
AFS

TD-HPCI   TD-HPCI
AFS         AFS



Summary of transient and accident analysis

Pressure control system failure15

Feedwater control system failure14

CR withdrawal at hot standby13

CR withdrawal at normal operation12

Loss of load without turbine bypass11

Loss of load with turbine bypass10

Loss of offsite power9

Partial loss of feedwater8

Inadvertent startup of AFS7

Loss of feedwater heating6

Transients

Control rod ejection at normal operation5

Control rod ejection at cold standby4

Control rod ejection at hot standby3

Reactor coolant pump seizure2

Total loss of feedwater1

Accidents

1 2 3 4 5 6 7 8 9 10 11 12
600

700

800

900

1000

1100

1200

1300

Transient criterion

Accident criterion

151413119 108765
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Large LOCA
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ATWS; no threat of core damage 
even without depressurization

1 2 3 4 5 6 7
600

700

800

900

1000

1 Loss of offsite power
2 Partial loss of feedwater
3 Loss of load without turbine bypass
4 Loss of load with turbine bypass
5 CR withdrawal at normal operation
6 Feedwater controller failure
7 Pressure controller failure

 No depressurization
 Depressurization at 5 s
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Power 
control

Control rods

Turbine

Condenser

Condensate 
demineralizer

LP 
heaters

Steam 
temperature 
control

HP 
heaters

Turbine control valve

Turbine bypass valve

Main feedwater 
pump

Pressure 
control

deaerator



Sliding Pressure Startup System

Sliding pressure supercritical water-cooled reactor

The reactor starts at a subcritical pressure, which increases 
with load.





1

43m

PWR(1100MWe)SCLWR-H(1700MWe) ABWR(1350MWe) PWR(1100MWe)



33%32Condenser

50%1500*3000*Turbine speed, rpm

50%42Steam line number

54%
170007900CV volume, m3

18%910750RPV weight, t

28%34.544.0Thermal efficiency, %

improvement in %ABWRSCLWR-H

*3600rpm and 1800rpm in the western Japan 

Improvement of 1700MWe 
SCLWR-H from 1350MWe ABWR 



Fast reactor version of SCWR

• Once-through coolant cycle is compatible 
with tight lattice fast core because of high 
head pump and low core flow rate. (High 
pressure drop is not a problem.)

• SCWR becomes a fast reactor with the same 
plant system. High capital cost problem of 
fast reactor will be solved. 
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